ABSTRACT Affinity chromatography using agarose-bound lectins was used to isolate erythropoietin from crude preparations of sheep plasma and human urinary erythropoietin. On the basis of previous estimates of the sugar content of the hormone, six lectins (wheat germ agglutinin, phytohemagglutinin, Ricinus communis 120, soybean agglutinin, concanavalin A, and limulin) were chosen for study. Only wheat germ agglutinin-agarose and phytohemagglutinin-agarose derivatives had significant affinity for erythropoietin. By use of wheat germ agglutinin-agarose columns erythropoietin could be separated from over 95% of the initiai starting protein, resulting in an 8-to 100-fold purification and a recovery of at least 40% depending on the source of the hormone. Affinity chromatography with agarose-bound lectins provides a simple rapid method for isolating erythropoietin from crude preparations of the hormone.
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The exact mechanisms by which the polypeptide hormone erythropoietin (EP) regulates red blood cell division and differentiation are not well understood. Part of the difficulty in assigning specific effects on responsive cells to EP per se stems from the necessity of using the crude preparations of the hormone currently available. Small quantities of highly purified EP have been isolated from sheep plasma (1) and human urine (2) by conventional techniques for separating proteins on the basis of size and charge. In each instance, however, large quantities of starting material were required, yields were low (0.4-18.0%), and only tentative claims for homogeneity were considered prudent (2, 3) . Because of our interest in studying the interaction of EP with its target cells, we sought a simpler and more efficient method for the isolation of EP from crude starting material. We now report that, in a single step, affinity chromatography with lectin-agarose derivatives can, depending on the source of the starting material, provide up to a 100-fold purification of erythropoietin with yields of 40% or greater.
MATERIALS AND METHODS Erythropoietin. Sheep (7); and wheat germ agglutinin (WGA) (kindly provided by Joel Shaper) was prepared as described (8) . The columns, which did not yield detectable free lectin in the effluent, were washed extensively before use. Chromatography was performed at 40 on small columns (0.5 X 9 cm; 2-ml bed volume) of lectin-agarose derivatives; adsorbed protein was eluted with buffers containing the appropriate pure sugars (from Pfanstiehl). Protein in the effluent and in purified samples was monitored by ultraviolet adsorption (9) and with the Folin-Ciocalteu reagent (10) .
RESULTS
All of the lectin-agarose derivatives were able to bind an appreciable amount of protein, which could be eluted with the appropriate lectin-specific sugar. However, of the six lectins studied, only WGA profiles for human EP (Fig. 1) , a large proportion of the protein, devoid of appreciable erythropoietic activity, was recovered in the void volume from columns of WGA or PHA. Once the eluate became free from protein (as monitored by either radioactivity or UV absorption), elution of WGA or PHA derivatives with sugar-containing solutions yielded erythropoietic activity in a single peak. In view of a report (11) that appeared during the course of these studies, indicating that saturated solutions of MgCl2 can displace EP adsorbed to PHA-agarose derivatives, sequential elution of EP adsorbed to PHA-agarose was performed first with N-acetyl-D-galactosamine (GalNAc) and then with saturated MgCl2. From Fig. 1 The sugar specificity of the lectin-human urine EP interaction with WGA and PHA was examined with N-acetylglucosamine (GlcNAc), GalNAc, and D-galactose. Of the hexosa- (Fig. 2 right) . EP was not displaced from PHA by galactose.
In the above experiments, too little protein was present in the fractions containing EP to permit a reliable estimate of specific activity; larger amounts (1-7 mg) of both human urinary and sheep plasma EP were, therefore, purified with the WGAagarose derivative (Table 2) . With both preparations, over 95% of the total protein was recovered in the void volume, leading to an 8-to 100-fold purification of EP subsequently eluted with GIcNAc. Forty percent of the erythropoietic activity initially present in the crude preparation of human urinary EP was recovered in the sugar eluate. With crude sheep plasma EP, the apparent recovery of EP in the sugar eluate was greater than 100%. This reflects the removal during chromatography of inhibitors that were present in the crude starting preparation (12) .
As indicated by the specific activity of the human and sheep EP recovered and by the electrophoretic analysis of protein from the sugar eluates (data not shown), the material purified by affinity chromatography, while comprising The technique we have described provides a convenient method for substantially purifying EP for biochemical studies from the small quantities of crude starting material currently available. The preliminary observations of Sieber (11) , as well as our own, suggest that this technique can also be applied to isolation of EP directly from urine without prior manipulation. When large quantities of EP-rich urine or plasma become available, affinity techniques using agarose-bound lectins should provide a new avenue for the isolation of the hormone.
